Stem cells have the ability to self-renew and differentiate into several specialised cells. Low intensity laser irradiation (LILI) has been shown to have positive effects on cells including adipose derived stem cells (ADSCs). Growth factors such as retinoic acid and transforming growth factor (TGF-1) play significant roles in the differentiation of cells. This study aimed at investigating the role of LILI and growth factors on differentiation of adipose derived stem cells cocultured with smooth muscle cells (SMCs). The study used isolated human adipose derived stem cells and smooth muscle commercial cells (SKUT-1). The cells were cocultured directly in the ratio 1 : 1 using the established methods with and without growth factors (retinoic acid and TGF-1) and then exposed to LILI at a wavelength of 636 nm with 5 J/cm 2 using a diode laser. The cellular proliferation and expression of the both cell type markers were assessed using optical density and flow cytometry at 24 h and 72 h. The study showed that LILI increased the proliferation of cocultured cells. The expression of the smooth muscle cell markers increased in the coculture groups that were exposed to LILI in the presence of growth factors while those of the ADSCs decreased.
Introduction
Stem cell treatment is becoming a promising therapy for many degenerative diseases [1] . One source of these cells is adipose tissue [2] . Bone marrow stem cells were commonly used in scientific and clinical applications but, due to their limited number, differentiation potential limits with age [3] , and an invasive isolation procedure which may cause complications and death, ADSCs are now the preferred source [4] . Adipose derived stem cells (ADSCs) can be harvested from adipose tissue with ease and in abundance. These cells are easily cultured and maintain their mesenchymal stem cell pluripotency after many passages [5] . ADSCs are able to selfrenew and differentiate into several lineages [6, 7] . Studies have shown that ADSCs could be differentiated into smooth muscle cells in the presence of the growth factors [8, 9] . These cells have also been differentiated into adipocytes, osteocytes, and neurons upon exposure to growth factors [10] .
Smooth muscle cells form smooth muscle tissues. These tissues are major components of systems like cardiovascular, reproductive, urinary, and intestinal systems. Smooth muscle cells play a major role in diseases like cancer, asthma, arteriosclerosis, and hypertension since they constitute the main layer of smooth muscle tissues [9, 11] . Gastrointestinal smooth muscle diseases represent a major health problem affecting 2 million individuals every year [12] . Smooth muscle cell regeneration is required in the gastrointestinal tract as defects commonly occur [13] .
Low intensity laser irradiation has shown different effects on several biological systems. It induces increased ATP production in mitochondria [14] , elevation in collagen production in fibroblasts [15] , and muscle regeneration processes 2 International Journal of Photoenergy following injury [16] . LILI has shown to increase viability and proliferation of human fibroblast cells cultured in media with high glucose levels [17] . Cellular viability and proliferation have also been increased in ADSCs when exposed to LILI [18] . It has been shown to improve dental pulp stem cells when cultured in low nutritional conditions [19] .
Growth factors are polypeptides that affect a number of cellular processes such as proliferation and differentiation both in vivo and in vitro [20] . Studies on retinoic acid have shown that it has several effects on cells including apoptosis, proliferation, differentiation, and maturation [21, 22] . Another growth factor, TGF-1, plays a vital role in migration, angiogenesis, differentiation, proliferation, metastasis, and embryonic development [23, 24] .
Βeta1 integrin (CD29) is a protein that is encoded in humans by ITGB1 gene [25] . It is associated with a late antigen receptor. It is expressed by ADSCs as a cell surface marker [26] . Thymocyte differentiation antigen 1 (Thy-1 CD90) is used as a marker for a variety of mesenchymal stem cells [27] . Both CD29 and CD90 are expressed by ADSCs and have been confirmed as mesenchymal stem cell markers [28] . Myosin heavy chain is a cytoplasmic protein and a major component of SMCs [29] . It is a specific marker for smooth muscle differentiation. The expression of MHC is restricted to smooth muscle tissues [30] .
The aim of the study was to investigate the role played by LILI and growth factors on differentiation of ADSCs when cocultured with smooth muscle cells monitored over a period of 72 h.
Materials and Methods
ADSCs were isolated from adipose tissue voluntarily donated by individuals undergoing abdominoplasty (Academic Ethics approval number 01/06). The isolation was done through collagenase digestion method as described in Mvula et al., 2010 [31] . After isolation, these were cultured in Dulbecco's Modified Eagle Medium (DMEM) (Sigma, D8062, SIgMAAldrich, Kempton Park, SA) with 10% foetal bovine serum (FBS) (Biochrom, S0615, Biocom biotech, Centurion, SA), 0.1% penicillin/streptomycin (Sigma, P4333, SIGMA-Aldrich, Kempton Park, SA), and 1 g/mL fungizone (Sigma, A2942, SIGMA-Aldrich, Kempton Park, SA) incubated at 37 ∘ C in an atmosphere of 5% carbon dioxide (CO 2 ) in a HERA CELL 150 (Heraeus, 44857, Separation Scientific, Honeydew, SA). A smooth muscle commercial cell line, SKUT-1, purchased from ATCC was also cultured in the same medium with similar conditions as ADSCs.
After reaching semiconfluency for ADSCs and confluency for SKUT-1, both cell types were cocultured directly in 3.4 cm 2 diameter dishes in a ratio 1 : 1 with and without the growth factors in MCDB 131 medium (Gibco, 10372-019, Life technologies, Roosevelt, SA) with 2% FBS, 0.1% penicillin/streptomycin, and 1 g/mL fungizone incubated at 37 ∘ C in an atmosphere of 5% carbon dioxide (CO 2 ). The cocultures were divided into 6 groups. Group 1 were cocultures without the growth factors and were not exposed to LILI (CC); group 2 were cocultures without growth factors but were exposed to LILI (CC + LILI); group 3 were cocultures with the growth factor retinoic acid (RA) (Sigma, R2605, Sigma-Aldrich, Kempton Park, SA) and not exposed to LILI (CC + RA). Group 4 were with RA and exposed to LILI (CC + RA + LILI); group 5 were cocultures with a growth factor, transforming growth factor beta 1 (TGF-1) (Invitrogen, PHG 9204, Life technologies, Roosevelt Park, SA) but not exposed to LILI (CC + TGF-1) and the last is group 6 which had TGF-1 and were exposed to LILI (CC + TGF-1 + LILI). RA was added to the cocultures at a concentration of 0.1 M and TGF-1 at 1 ng/mL. The cocultures of groups 2, 4, and 6 were exposed to diode laser (Oriel, Orroyo Instruments, LTIO00-PLT20, NLC, Pretoria, SA) at 5 J/cm 2 with a wavelength of 636 nm in the dark. The medium was removed and 1 mL of Hanks Balanced Salt Solution (HBSS) was added to the plates. Low laser irradiation was then delivered to the plate via the optical fibre as described previously [18, 31] . Cocultures which were not irradiated were used as controls and kept under the same conditions as the irradiated ones. The laser parameters are shown in Table 1 .
Proliferation of the cocultures was analysed using optical density (OD) where the absorbance of one hundred microliters of the cell suspension was read at A 540 nm in a Perkin Elmer, Victor 3 (Perkin Elmer, 1420, Separation Scientific, Honeydew, SA).
Cocultures were rinsed three times with Hanks Balanced Salt Saline (HBSS) (SIGMA, H9394, Sigma-Aldrich, Kempton Park, SA). The cells were then removed from the small plates by adding 500 L of Triple Express (Life technologies 1260-028) and incubated at 37 ∘ C for 5 min. The cells were then washed in HBSS once and twice in PBS/BSA/azide. Antihuman CD29 ( 1 integrin), antimouse CD90 (Thy-1), and antihuman myosin heavy chain (MHC) were then added and incubated for 30 min on ice. The cells were washed three times with PBS/BSA/azide and then fixed for 10 min in 3.7% formalin. Permeability was done by incubating the cell suspension in 1% triton x-100. The suspension was washed twice and the pellet was suspended in PBS, ready for reading with the BD FacsAria TM111 machine (BD Biosciences, 22300099, Scientific Group Biosciences, Woodmead, SA).
Sigma plot 11.0 software was used to analyse all experiments which were performed 6 times and assays in duplicates. Determination of the differences between the groups for each independent variable was done by using Student's -test. Statistical significances comparing the groups are shown as Figure 1 : Cellular proliferation as assessed by optical density at 24 h after irradiation. Groups that were irradiated increased in proliferation as compared to those that were not exposed to irradiation. A decrease in proliferation was observed in groups that had growth factors as compared to those without growth factors. star * , where < 0.05 ( * ), < 0.01 ( * * ), and < 0.001 ( * * * ) in the table and figures.
Results
The optical density results which measured cellular proliferation showed increases in cocultures that were irradiated as compared to their respective control groups and this was significantly observed in the groups that had TGF-1 growth factor at 24 h ( < 0.05). The cocultures which were grown in the presence of growth factors had decreases in cellular proliferation. At 24 h, the proliferation significantly decreased in cocultures that were grown in the presence of RA and TGF-1 as compared to those without growth factors (CC and CC + LILI) as seen in Figure 1 .
Proliferation of the cells, as observed through optical density analysis at 72 h, showed a similar trend to that at 24 h. The cocultures that were grown in the presence of growth factors decreased in proliferation as compared to the cocultures that had no growth factors. The decrease was significant in groups with RA and TGF-1 as compared to the groups without growth factors (CC and CC + LILI). The groups that were irradiated increased in proliferation compared to those that were not irradiated and this was significant in groups 1, 2, 3, 4, 5, and 6 ( Figure 2) .
The expression of the markers for both ADSCs (CD29 and CD90) and SMCs (MHC) was analysed through flow cytometry. CD29 expression decreased in the cocultures that were grown in the presence of growth factors at both 24 h and 72 h and the decrease was significant ( < 0.05) in the cocultures that had TGF-1 and were irradiated (CC + TGF-1 + LILI) at 72 h as compared to the control group (CC). At both 24 h and 72 h, CD90 expression decreased Figure 2 : Cellular proliferation as assessed by optical density at 72 h after irradiation. Groups that were irradiated increased in proliferation as compared to those that were not exposed to irradiation but there was a decrease in the groups with growth factors as compared to those without growth factors.
statistically significant in the cocultures that had TGF-1 and were irradiated (CC + TGF-1 and CC + TGF-1 + LILI) as compared to the control group (CC) at 72 h with values of less than 0.05 and 0.001, respectively. SMC marker, myosin heavy chain, showed an increase in the cocultures at 72 h though the increase was not statistically significant (Table 2) . However, this may change if the expression of markers was followed for an additional extended period.
Discussion
Stem cells could be used for treatment of several diseases such as Parkinson's, stroke, diabetes, traumatic injury, and multiple sclerosis diseases. These diseases are caused by either loss or damage of the cells in the organs or tissues [32] . Stem cells have to be differentiated into cells which are required to repair or replace the lost or damaged cells. ADSCs have been shown to have a high plasticity capability. They have been able to differentiate into smooth muscle, neuron, bone, cartilage, and fat cells [9, 33] . Differentiating ADSCs into SMCs would assist in the treatment of diseases that affect diseases in the cardiovascular, intestinal, urinary, and reproductive systems [11, 34] . Studies on coculturing of cells have proved that differentiation can be increased due to the secretion of growth factors of the cells that will be differentiated into. Previous studies have shown that LILI can increase cell viability and proliferation [18, 25] . Growth factors have shown to have many effects on cells that include proliferation and differentiation and they play major roles in these processes [20] [21] [22] [23] [24] . The results in the present study showed a decrease in the proliferation of ADSCs and an increase in the proliferation of SMCs. This was observed through flow cytometry analysis; however, this could not be distinguished in the optical density analysis of the cocultures. In this study LILI increased the proliferation of cocultured cells; however, in the cocultures that had growth factors, proliferation decreased as compared to the cocultures without growth factors. This could have been due to the fact that proliferation of ADSCs was halted while differentiation into SMCs was initiated. Flow cytometry results concurred with this observation since a decrease in expression of the ADSCs markers in the cocultures was observed while those of the SMCs increased. This once again supports the argument that proliferation was inhibited since ADSCs were preparing for differentiation.
Conclusion
This study, in agreement with other studies done previously, found that LILI increases cell proliferation. LILI in combination with growth factors could differentiate ADSCs into SMCs. The study recommends that further investigations, especially, analysing the regulation of different genes involved in the differentiation of ADSCs into SMCs, are necessary to confirm differentiation. Once differentiation is confirmed, LILI and growth factors, such as RA and TGF-1, would play major roles in the established direct coculturing method for the differentiation of stem cells into SMCs and this would be very beneficial in the stem cell therapy for many degenerative diseases which involves smooth muscle cells. However, significant further research and investigation are required to realise the clinical potential for cell therapy of ADSC differentiation into SMCs and the contributory role that LILI may have in this process.
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